Organochlorine pesticides (HCHs, DDTs and HCB) have been investigated in sediments of Laizhou Bay and its adjacent rivers. The average concentrations of HCHs, DDTs and HCBs are 0.09 ng/g dw, 0.59 and 0.05 for marine sediments and 0.55, 8.6 and 1.1 for riverine sediments, respectively. Laizhou Bay is less contaminated by HCHs and DDTs in comparison with other coastal regions around the world, including the other two biggest bays in Bohai Sea. Fresh input of lindane and dicofol-type DDT were found in several riverine sites. Relatively strong TOC-dependence of HCB distribution in the entire studied area suggested no point source existed and/or water-sediment equilibrium achieved. No significant difference of a/c-HCH ratios have been observed between marine and riverine sediments. However, o,p 0 -DDT/p,p 0 -DDT ratios varied largely between the two regions.
Technical HCHs and DDTs have been widely used in China since 1950s. China is one of the most important manufactures of organochlorinated pesticides (OCPs) and accounted for 33% and 20% of the total world productions of HCHs and DDTs, respectively, during 1950s-1980s until their official bans in 1983 (Zhang et al., 2002 . Despite the ban of their production and usage, fresh inputs continue to be found in the environment, which has aroused wide concerns over the world. Lindane (c-HCH >90%) has been used in China since 1991 (Li et al., 2001 ) until its global ban under the Stockholm Convention in 2009. High concentrations of lindane has been currently observed in some of Chinese lakes, rivers and coastal regions (Fu et al., 2010; Gan et al., 2009; Gao et al., 2008; Tan et al., 2009; Zhao et al., 2009) . Dicofol, which is synthesized from technical DDT and contains high levels of DDT as impurity, was found to be a ''new'' source of DDT in the environment in China (Qiu et al., 2004 (Qiu et al., , 2005 . DDT-containing antifouling paint was also discovered to be an important source of DDT in China Wang et al., 2007; Zhang et al., 2007) . Laizhou Bay (LB) is one of the three major bays in Bohai Sea (the other two are Liaodong Bay and Bohai Bay), making up 10% of the total area. There are several studies on OCPs in the sediments of Liaodong Bay and Bohai Bay Hu et al., 2010; Zhao et al., 2010) , but there is little data about the OCPs on the Laizhou Bay area. LB is situated in the north part of Shandong province. The later was one of the top five provinces in China with the highest usage of technical HCHs and DDTs (Li et al., 1999 (Li et al., , 2001 ). This paper reports levels, spatial distributions and potential sources of OCPs in the surface sediments of LB and its adjacent rivers.
Fifty-six surface (0-10 cm) sediment samples, including 24 samples from marine sites and 32 samples from the adjacent rivers were collected in September 2009 (Fig. 1) , using a stainless steel grab sampler. Locations of the marine and riverine sites together with OCP distributions are shown in Fig. 1 . Details about the sampling locations and the distribution of polybrominated diphenyl ethers (PBDEs) in these sites can be found in our previous study (Pan et al., 2011) .
All samples were packed in new polyethylene zipper bags and stored in a refrigerator at À20°C. Freeze-dried sediment samples (20 g dry weight, dw) were homogenized and Soxhlet extracted in dichloromethane (DCM) for 48 h, with TCmX and PCB 209 (AccuStandard, Inc., USA) added as surrogates before extraction. Activated copper granules were added for desulfurization. The extract was concentrated and solvent-exchanged to hexane, then subjected to a 0.9 cm-diameter glass column packed with 3 cm 3% deactivated alumina, 3 cm 3% deactivated silica, 3 cm 50% (w/ w) sulfuric acid-silica and anhydrous Na 2 SO 4 from bottom to top. The column was eluted with 15 mL DCM/hexane (1:1, v/v) to yield the OCP fraction, which was then concentrated to 0.5 mL under a gentle nitrogen stream. This concentrated fraction was 0025-326X/$ -see front matter Ó 2011 Elsevier Ltd. All rights reserved. doi:10.1016/j.marpolbul.2011.08.018 passed through a 2 cm-diameter gel permeation chromatography (GPC) with 6 g Bio-Beads Ò S-X3 (Bio-Rad Laboratories, USA), following elution with DCM/hexane (1:1). The 15th-25th mL effluent was collected and concentrated to approximately 50 lL under a gentle stream of N 2 . All aforementioned solvents were of analytical grade and redistilled to remove impurities prior to use. Before injection into the GC-MS, 20 ng PCB54 (AccuStandard, Inc., USA) was added as internal standard. OCPs were detected with an Agilent GC7890 equipped with a 63 Ni micro-electron capture detector (lECD). A CP-Sil 8 CB capillary column (50 m Â 0.25 mm Â 0.25 lm; DB-5MS, Agilent, USA) was used, with nitrogen as carrier gas at 1.1 mL/min under constant flow mode. Nitrogen was filtered with moisture, hydrocarbon, and oxygen traps before entering the GC-ECD system. The oven temperature began at 60°C for 1 min and increased to 180°C at a rate of 7°C/min, then increased to 205°C at a rate of 3°C/min, finally increased to 290°C at a rate of 6°C/min (30 min hold time). 
0 -DDE and HCB was purchased from AccuStandard, Inc. (USA) and diluted to the desired concentrations for making a six-point calibration curve. One procedural blank and one duplicate sample were conducted with every batch of 10 samples to assess potential sample contamination. The method detection limits (MDL) were 0.001-0.018 ng/g dw for the detected compounds. The recovery rates for TCmX and PCB209 were 66 ± 25% and 102 ± 23%, respectively. The reported OCP concentrations were not corrected for surrogate recoveries. site are shown in Table S1 . Table 2 ). The spatial distributions of the higher OCP concentrations in the center and lower in the coastal sites of Laizhou Bay were found. Significant correlations between OCPs and TOC (r = 0.8, p < 0.001) implied that the spatial distributions of OCPs might be controlled by the TOC contents in the sediment. The concentrations of DDTs, HCHs, and HCB in riverine sediments were lower than those in other two riverine/estuarine systems in the north and west of Bohai Sea (Table 2) Zhao et al., 2010) . In present study, OCP concentrations in Dihe River, a downstream site in Xiaoqing River and the small streams in the industrial park were relatively high (5.4-10 ng/ g dw for ROCPs), whereas in the largest river (Yellow River), they were relatively low (about 0.2 ng/g dw for ROCPs) (Fig. 1) . Similar lower levels of HCHs and DDTs in the mainstream sediments of Yellow river have been reported, which was attributed to the low content of clay and TOC of the sediment, and also the stirring up of decades-old less-contaminated sediment from river banks or the bottom of the rivers . Although poor correlations were found between TOC and total OCP concentrations in riverine sites, some sites with high OCP concentrations were also shown high TOC (B-1, DC -1, DC-2, D-1 and X(H)). These riverine sites with high OCPs concentrations were shown in big colored spot in Fig. 1 .
Technical HCH contains 60-70% of a-HCH, 5-12% of b-HCH, 10-15% of c-HCH, 6-10% of d-HCH and 3-4% of e-HCH (Kutz et al., 1991) . It is generally considered that high ratios of a/c (>4) in environments is an indication of recent use of technical HCH (Kalantzi et al., 2001) , whereas a high percentage of c-HCH indicates a contamination of Lindane. a-/c-HCH ratios in both LB sediment and riverine sediments were lower than 3, which indicate that fresh input of technical HCHs might not be the main source in this area.
Generally, c-HCH did not account for high percentages of total HCHs (average 27%). However, c-HCH percentages were high at several riverine sites (D-1, DC-2, M-2 and M-1) (Fig. S1 ), which indicates point sources of Lindane at these sites. Little difference of a-/c-HCH ratios between marine sites and riverine sites may indicate riverine inputs are main source of HCHs in Laizhou Bay (Fig. 2) . Higher b-HCH/ P HCHs ratios occurred at the northwestern 
Table 2
Comparison of OCPs levels in sediments of Laizhou Bay with other coastal areas in the world (ng/g dw).
Location Year (2008) n.d. = not detected, -= no data available, LOD = limit of detection.
RHCHS RDDTS

HCB
part of Laizhou Bay, where high RHCHs existed. The physical and chemical properties of HCH isomers varied with each other. a-HCH and c-HCH dominant in air and seawater due to their higher volatility and lower Henry's law constant or partition coefficient (Kumar et al., 2009; Li et al., 1999) . b-HCH has a lower volatility and higher log K ow than other isomers and as a result is frequently detected in sediments (Li et al., 1999) . Moreover, a-and c-HCH can transform to b-HCH in aged environmental samples (Walker et al., 1999) . As a result, higher RHCHs and greater proportions of b-HCH in the northwestern Laizhou Bay indicate that accumulation of historical usage and possible long-term sedimentation of technical HCHs in this region. HCHs concentrations at marine sites showed good correlation with HCB concentrations (r = 0.73, p < 0.001), which may suggest similar movement or/and common sources of these compounds in marine sediment. DDTs and HCHs in riverine sediments showed poor (r = 0.24, p > 0.1) and moderate (r = 0.59, p < 0.01) correlation with TOC, respectively. However, concentrations of HCB in both marine and riverine sediments correlated significantly with TOC (r = 0.80, p < 0.001 and r = 0.74, p < 0.001, respectively). Relatively strong TOC-dependence of HCB distribution in the entire studied area suggested no point source and/or water-sediment equilibrium. DDT is likely to be dehydrochlorinated to DDE as well as DDD under aerobic conditions and anaerobic conditions, respectively. Thus a high ratio of DDT/(DDE + DDD) can be used as an indicator of fresh input of DDT (Hitch and Day, 1992) . In this study, the value of DDT/(DDE + DDD) in marine sediments ranged from 0.3 to 3 with an average of 1, indicating no significant fresh pollution of DDT. For riverine sediments, the average value of DDT/ (DDE + DDD) ratios was 2 (ranged from 0 to 18), excluding three sites (DC(E), J-2, Y-1) with DDT/(DDE + DDD) ratios >10. This reveals that there are fresh inputs of DDT in these three sites. Although the Chinese government banned the use of technical DDT as pesticide since 1983, new DDT sources have still entered in the environment from the application of Dicofol, as studies revealed recently (Qiu et al., 2004; Qiu et al., 2005) . To distinguish technical DDT and dicofol type DDT pollution, the concentration ratio of o,p 0 -DDT/p,p 0 -DDT is calculated (Fig. 3) . Technical DDTs contain 15-21% of o,p 0 -DDT and 65-85% of p,p 0 -DDT (Metcalf, 1955) . A survey of formulated dicofol in the Chinese market gave an o,p 0 -DDT/p,p 0 -DDT ratio of 7 (Qiu et al., 2005) . So, high o,p 0 -DDT/p,p 0 -DDT ratios can service as an indicator of dicofol-type DDT sources. o,p 0 -DDT/p,p 0 -DDT ratios in our study are <1, excluding three riverine samples (1.9 for B-1, 37 for DC-1, and 7.9 for DC-2). This suggested widespread technical DDT pollution, whereas the high o,p 0 -DDT/p,p 0 -DDT ratios at DC-1 and DC-2 were possibly attributed to a production of dicofol in the industrial park which is mainly used in salt industry. This result is consistent with the conclusion that there was heavier usage of technical DDT in central and eastern China, in contrast with more widespread dicofol DDT contamination in southern and eastern China. o,p 0 -DDT/p,p 0 -DDT ratios in marine sediments are relatively uniform, whereas o,p 0 -DDT/p,p 0 -DDT ratios in riverine sediments varied largely, which suggested riverine input was not the only source of DDTs in Laizhou Bay.
